We have analyzed the NVSS and SUMSS data at 1.4 GHz and 843 MHz for a well defined complete sample of hard X-ray AGN observed by INTEGRAL. A large number (70/79) of sources are detected in the radio band, showing a wide range of radio morphologies, from unresolved or slightly resolved cores to extended emission over several hundreds of kpc scales. The radio fluxes have been correlated with the 2-10 keV and 20-100 keV emission, revealing significant correlations with slopes consistent with those expected for radiatively efficient accreting systems. The high energy emission coming from the inner accretion regions correlates with the radio emission averaged over hundreds of kpc scales (i.e., thousands of years).
INTRODUCTION
How Active Galactic Nuclei (AGN) are involved in the process of galaxy formation is one of the main issues in modern astrophysics. AGN and galaxy evolution are connected through feedback processes regulating both the accretion history and the star-formation (e.g., Cattaneo et al. 2009 ). The mechanical (kinetic) energy released by accelerated particles in jets is one of the possible sources of AGN feedback into the interstellar matter of the host galaxy (Croton et al. 2006 , Cattaneo et al. 2006 , Marulli et al. 2008 . The knowledge of the connection between the radio emission (linked to the jet) and the X-ray emission (from accretion) is one of the key ingredients to build up more robust AGN-galaxy evolutionary models (La Franca, Melini, Fiore et al. 2010 , Bonchi et al. 2013 . The X-ray versus radio connection is also fundamental within the disk-jet coupling paradigm in accreting systems (Merloni, et al. 2003 , Falcke et al. 2004 ). However, the details of the link between the accreting disk, the X-ray corona and the jet are still under investigation.
The relation between the radio and the X-ray emission has been explored for different classes of AGN, with correlation slopes typically distributed around unity (Canosa et al. 1999 , Brinkmann et al. 2000 , Panessa et al. 2007 ). The discovery of a "fundamental plane" relation between the X-⋆ E-mail: francesca.panessa@iaps.inaf.it ray and radio luminosities, and the black hole mass (Merloni et al. 2003; Falcke et al. 2004) , has been interpreted in the framework of a radiatively inefficient accretion flow accompanied by a relativistic jet at work both in X-ray Binaries (XRBs) and low luminosity AGN (LLAGN) (e.g., Narayan & Yi 1994) . Recently, Coriat et al. (2011) have shown that some XRBs follow a steeper radio-X-ray correlation (correlation slope of 1.4) compared to the standard 0.5-0.7 (Gallo et al. 2003 , Merloni et al. 2003 , suggesting that these sources are accreting at high Eddington ratios and are radiatively efficient. Dong et al. (2014) have confirmed this result for a sample of bright radiatively efficient AGN, with a positive correlation slope of ∼ 1.6, justified within the disk-corona model for efficient accreting sources (e.g., Cao et al. 2014) . On the other hand, Burlon et al. (2013) have explored the association between hard X-ray AGN observed by Swift/BAT and AT20G radio sources in the southern sky, finding a possible correlation between the 15-55 keV and 20 GHz luminosities (slope of ∼ 0.7), however likely driven by distances effects and therefore not intrinsically significant.
Here we aim at testing the validity of such correlations in a well defined complete sample of relatively high luminosity AGN, selected at hard X-ray as those observed by the IN-TEGRAL satellite (e.g., Bird et al. 2010) . INTEGRAL/IBIS is surveying the sky above 20 keV with a sensitivity better than a few mCrab 1 and a point source location accuracy of 1-3 arcmin depending on the source significance and the observation exposure (Bird et al. 2007 ). Hard X-ray selected samples are almost unbiased with respect to absorption and are mostly located in the nearby Universe, reducing as much as possible the selection effects (Malizia et al. 2009 ). The sample used here comprises bright AGN (41.5 < L 2−10keV < 44.5 in erg/sec), with Eddington ratios L bol /L Edd 10 −3 , good candidates for radiating at efficient accretion regimes.
In section 2 we present the INTEGRAL sample and the treatment of the X-ray data; in section 3 and 4 we describe the radio data analysis and the radio properties of the sample; in section 5 the radio versus X-ray correlation statistical results are presented; in section 6 and 7 we report our discussion and conclusions. Throughout this paper we assume a flat ΛCDM cosmology with (ΩM, ΩΛ) = (0.3,0.7) and a Hubble constant of 70 km s −1 Mpc −1 (Jarosik et al. 2011 ).
THE SAMPLE AND THE X-RAY DATA
The sample is extracted from the third INTEGRAL/IBIS survey which lists around 140 (identified and candidates) AGN (Bird et al. 2007) . To this large sample, the V/Vmax test 2 has been applied to obtain a complete sample of 79 AGN selected in the hard (20-40 keV) X-ray band above ∼ 5 sigma confidence level (see Malizia et al. 2009 for the detailed definition of the method and sample); the sample includes 46 Seyfert 1 (including 6 Narrow Line objects) and 33 Seyfert 2. The original sample in Malizia et al. (2009) contains also 9 blazars, which we have excluded in the present study because Doppler boosting effects prevent from a correct determination of the intrinsic radio luminosity.
The X-ray properties of the sample are described in Malizia et al. (2009) where the 20-100 keV fluxes were taken from the INTEGRAL survey (Bird et al. 2007) , while the 2-10 keV observed fluxes and column densities were collected from the literature. In order to obtain the 2-10 keV unabsorbed fluxes from the observed ones, we have here applied a correction factor proportional to the measured X-ray column density NH as in column 8 of table 1 in Malizia et al. (2009) , assuming simple photoelectric absorption in XSPEC. The sample includes five Compton thick AGN (MKN 3, NGC 3281, NGC 4945, Circinus galaxy, IGR J16351-5806 and NGC 1068), for which both 2-10 keV and 20-100 keV fluxes require a correction (the hard X-ray fluxes are very marginally affected by absorption for NH < 10 24 cm −2 ). In Malizia et al. (2009) the correction in the 20-40 keV flux as a function of NH was calculated using a simple absorbed power-law model in XSPEC, obtaining an average flux reduction negligible below log NH=24 and progressively more important thereafter (8%, 25% and 64% reduction in the ranges 24-24.5, 24.5-25, and 25-25.5 respectively) . In Burlon et al. (2011) the observed/intrinsic flux ratio is plotted against the NH value, a few Compton thick sources with available observed and intrinsic luminosities are overplotted to the predicted trend for local AGN. The flux reduction is 40%, 85% and 94% in the ranges 24-24.5, 24.5-25, and 25-25.5 respectively. In this work we have applied a tentative flux correction as in Burlon et al. (2011) . We should also consider that for the heavily absorbed source NGC 1068 (NH > 10 25 cm −2 ), an estimate of the intrinsic hard luminosity is difficult to obtain, given its spectral complexity and the unknown precise value of NH (Iwasawa et al. 1997 , Matt et al. 2004 ).
THE RADIO DATA
The NRAO VLA Sky Survey survey (NVSS; Condon et al. 1998 ) is a 1.4 GHz continuum survey covering the entire sky north of -40 deg declination. The restoring beam of the NVSS maps is 45
′′ full width at half-maximum (FWHM) and the rms brightness fluctuations in the images are about 0.45 mJy/beam. The Sydney University Molonglo Sky Survey (SUMSS, Bock et al. 1999 , Mauch et al. 2003 survey at 843 MHz covers the whole sky south of declination -30 deg, and produces images with a resolution of 45 ′′ × 45 ′′ cosec |dec| and an rms noise level of ∼1 mJy/beam. Thus, SUMSS and NVSS have similar sensitivity and resolution, and together cover the whole sky.
We extraxted maps of about 30 ′ ×30 ′ in size from the Postage Stamp Services available for both surveys centering the requested map at the coordinates of the optical nucleus of the galaxy associated by Malizia et al. (2009) to the INTEGRAL source. FITS images were imported into NRAO Astronomical Image Processing System (AIPS) and analyzed using standard AIPS tasks. When the radio sources are either unresolved or slightly resolved, all parameters and associated errors were determined through a Gaussian fit of each component using the AIPS task IMFIT. For extended sources, coordinates and flux density of the radio emission peaks were obtained using the AIPS task TVSTAT. The integrated flux density were also obtained using TVSTAT over a polygon encompassing the radio emission visible down to the 3σ level of the map to avoid confusion with the extended background emission.
The measured quantities are collected in table 1. For unresolved sources, i.e. those for which IMFIT computes FWHM values smaller than one-half the restoring beam 3 size in both dimensions, the reported sizes are set to one-half the restoring beam size at FWHM. These dimensions are obviously upper limits because the true dimensions are not known. We define slightly resolved sources as those for which IMFIT computes values for the size larger than one-half the restoring beam size at FWHM in at least one of the two dimensions. In this case the reported angular size is the deconvolved size provided by IMFIT for the slightly-resolved dimension(s) and one-half the restoring beam size at FWHM, otherwise. For those sources marked as resolved, viz. those for which fitting the emission with a single Gaussian was clearly not suitable, the extension of the radio source has been computed directly from the map by measuring the extension of the radio emission visible above a 3σ level in two orthogonal directions. Note that the different frequency between of the two surveys does not allow a direct comparison of the linear dimensions, different radio structures are indeed detected depending on the observational frequency. The errors on the estimated quantities were directly provided by the task IMFIT (when used). For the extended sources we decided to use the noise of the map (determined from a source-free rectangular region) as the uncertainty on the peak flux density, while the uncertainty on the integrated flux density was computed using the formula:
where σ is the r.m.s noise, pixarea and pix beam are the number of pixel within the area over which we integrate and the pixel in the beam, respectively. For the SUMSS sources, the flux density at 843 MHz has been converted into 1.4 GHz flux density assuming Sν ∝ ν −α with α = 0.7. This is an average slope value expected for radio optically thin synchrotron emission, however slopes can vary from steep to flat or inverted depending on the source, usually Seyfert radio cores show flat/inverted slopes on arcsecond scales (Ho & Ulvestad 2001) , while steep optically thin synchrotron slopes are associated to extended structures such as lobes. The flux measured can vary by ∼ 30% from steep to flat/inverted slopes during the conversion from 843 MHz to 1.4 GHz, however this affects only marginally the results on our correlations (see next Section) as the SUMSS sources will probably have spectral slope variously distributed, and these differences will be averaged in the statistical treatment of the fluxes.
The absolute calibration of both the NVSS and SUMSS flux density scale is 3% (Kaplan et al. 1998 , uncertainties relative to the Baars et al. 1977 scale) .
Following the classification outlined before and adopting definitions consistent with those of Ulvestad & Wilson (1984) and Ho & Ulvestad (2000) for the radio morphology we distinguish between four classes in our sample: "U" (single, unresolved), "S" (single, slightly resolved), "R" (diffuse or linear, clearly resolved), and "A" (ambiguous, marginally detected). By way of example, in figure 1 we show radio images of four galaxies selected as prototype of the different morphological classes proposed, i.e., NGC 5252, NGC 4507, 4C 74.26 and IGR J17513-2011, as U, S, R and A, respectively.
Of the two sources labeled as "ambiguous", one is only marginally detected (IGR J17513-2011) and one is possibly contaminated by a background radio source (IGR J16185-5928). Note that also in the NVSS image of IGR J16385-2057, there is a background radio galaxy which might contaminate the radio emission measured, however this source is still under study and we report it as S (see Tarchi et al. in preparation).
THE RADIO PROPERTIES OF THE INTEGRAL SAMPLE
The complete hard X-ray INTEGRAL sample offers the opportunity to study the characteristics of the radio emission at kpc scales for a sample of bright local AGN. A galaxy was considered detected in the NVSS/SUMSS maps when a source with a peak flux density greater or equal than three times the rms noise of the map was found coincident, within the uncertainties, with the optical position given in Malizia et al. (2009) . Of the 79 sources in this sample, 58 sources belong to the NVSS survey, the remaining 21 have been observed with the SUMSS survey. In our sample, only 9 sources have not been detected. We have checked for a possible detection in other observations available in literature and, of the nine undetected sources, only MCG-6-30-15 has been detected with VLA at 8.4 GHz with 0.64 mJy (Mundell et al. 2009 ), while IGR J17488-3253 has an upper limit of 2.1 mJy with GMRT at 0.61 GHz (Pandey et al. 2006) , IGR J20186+4043 has been observed with VLA-D and has been associated to an extended radio source, possibility the AGN counterpart, although the association is not secure (Bykov et al. 2006 ). The remaining sources have no other radio data. Limiting this work to the NVSS and SUMSS observations, the sample detection rate is therefore 89%. This fraction is similar to the 85% found for an optically selected sample observed with VLA (1.4 and 5 GHz) at high resolution (∼1 ′′ ) by Ho & Ulvestad (2001) . The first and only (up to now) radio follow-up of hard X-ray selected sources has been reported in Burlon et al. (2013) , where only 20% of the Swift/BAT AGN are associated with a 20 GHz AT20G detection in the southern sky. However, the low detection rate could be ascribed to the low sensitivity of the AT20G survey (∼40 mJy) and to the higher observing frequency with respect to the NVSS/SUMSS surveys, suggesting that only bright radio sources are revealed. Indeed, the radio luminosities of Seyfert galaxies in Burlon et al. (2013) are almost uniformly distributed from 10 39 -10 44 erg/sec, while INTE-GRAL sources show 1.4 GHz peak luminosities that vary from ∼ 10 37 erg/sec up to ∼ 10 44 erg/sec, with a peak distribution around 10 37 -10 40 erg/sec. However, INTEGRAL AGN are still radio bright when compared with optically selected Seyferts, whose radio luminosities are typically found in the range 10 34−42 erg/sec (Panessa et al. 2007 , Nagar et al. 2002 .
A measure of the radio brightness with respect to other wavelengths is given by the radio loudness, classically defined by the ratio between the radio and the optical luminosities. Among optically selected AGN, the radio loudness parameter show a bimodal distribution dividing radioloud and radio-quiet AGN at the limit of R ≡ LR / LB 10 ( Kellermann et al. 1989 ). Lately, Terashima & Wilson (2003) have introduced the X-ray radio-loudness parameter RX ≡ LR/L 2−10keV . Indeed, the X-ray luminosity is ideal to avoid extinction problems which normally occur in the optical band. An even more absorption unbiased measure is given by using the hard X-ray luminosity, therefore here we define the hard X-ray radio loudness parameter as RHX ≡ LR/L 20−100keV . In figure 2 , we plot the X-ray and hard X-ray radio-loudness histograms, the blue line shows the radio-loud versus radio-quiet limit set by Terashima & Wilson (2003) , i.e. RX = -4.5. The INTEGRAL sample is characterized both by radio-quiet and radio-loud AGN, with a prevalence of radio-quiet AGN, however the hard X-ray emission is clearly dominant with respect to the radio emission. From a comparison with the radio-loudness distribution in the BAT sample from Burlon et al. (2013), we find that their sources are more radio-loud (-4 < log RHX < 0). Again, the high limiting flux density of the AT20G survey allows the detection of only very bright radio sources, while the use of NVSS/SUMSS data allows the detection of low radio luminosity sources also. No bimodality is found in the radio-loudness distribution, in agreement with recent findings that suggest that the bimodality is a consequence of selection biases while well-selected samples of AGN show a continuous level of radio-loudness (e.g., Cirasuolo et al 2003 , La Franca et al. 2010 ).
In our sample, a wide range of radio morphologies is seen. Thirty-six of the 70 objects (51%) detected in the NVSS/SUMSS maps show an unresolved (22) or slightly resolved (14) central source coincident, within the uncertainties, with the position of the optical nucleus. Except for the two "ambiguous", the remaining 31 sources (44% of all detected objects) show evident extended emission, either "linear" or "diffuse", with linear sizes ranging from kpc to hundreds of kpc scales. In particular, sources with "linear" radio morphology show triple or double emitting structures, thus indicating the presence of large-scale radio jets/lobes, with or without a compact core, respectively, typically found in powerful radio galaxies. Indeed, some of the sources in the sample labeled as "resolved" (e.g. Cen A and Cyg A) are among the most famous radio galaxies in the sky. Extended-diffuse morphologies might appear unresolved or slightly resolved sources if the host galaxy is distant enough (for the survey angular resolution). However, in our sample of local galaxies, U, S and R sources are equally distributed in redshift; interestingly, one of the most distant sources, IGR J18249-3243, is one of the most extended ones (see Landi et al. 2009 ).
THE X-RAY VERSUS RADIO CORRELATION
We have used the ASURV program (Feigelson & Nelson 1985 , Isobe, Feigelson & Nelson 1986 for the statistical analysis of our correlations, which includes several statistical methods that deal with data sets containing both detections and non-detections (upper limits in our case). Within the program, we have used the generalized version of Spearman's rank order correlation coefficient and the generalized Kendall's τ test to compute the correlation significance. The Buckley-James regression method has been used to calculate the linear regression coefficients. In table 2 we report the results of the statistical analysis.
In figure 3 we show the 1.4 GHz peak (left) and integrated (right) luminosity versus the 20-100 keV luminosity with its best fit regression lines. The two correlations are both highly significant (see table 2) and display a very similar slope (1.21 ± 0.15 and 1.20 ± 0.16, respectively). A similar result is obtained if the radio peak and integrated luminosities are plotted against the 2-10 keV luminosity (figures 3) , i.e., high significance and correlation slopes of 1.12 ± 0.13 and 1.08 ± 0.15, consistent within errors. We note that hard X-ray fluxes show typically larger values than the 2-10 keV ones, this naturally yields to a steeper correlation slope.
Luminosity-luminosity correlations may be distance driven. To check for a possible dependence on the distance we have performed a partial Kendall τ correlation test, which computes partial correlation coefficient and significance for censored data using three variables, where we took the distance as the third variable (Akritas & Siebert 1996) . The partial Kendalls τ test results (see table 2) suggest that the correlations are not driven by distance effects. As a further check we compute the correlation significance for the flux-flux plot of 1.4 GHz peak flux versus 20-100 keV and 2-10 keV fluxes ( figure 3) and, despite the large scatter, the correlation remains statistically signicant.
We compare our results with those from Burlon et al. (2013) , in which the 15-55 keV BAT luminosities are correlated with the 20 GHz ones. As pointed out by the authors, at 20 GHz most of the extended structures are resolved, allowing a more direct comparison between the core radio emission and the hard X-rays. The correlation slope for their Seyfert sample is log L 15−55keV ∝ 0.7 log L20GHz, slightly steeper but in agreement within errors with the values found in our sample; however, the weak correlation found is clearly driven by distance effects, in fact their sample is characterized by several sources at high z.
DISCUSSION
In black hole systems, the X-ray emission typically originates in the accretion flow surrounded by a hot corona or alternatively at the base of a jet (Markoff et al. 2005) . The radio emission is associated with the presence of a jet of relativistic particles emitting synchrotron radiation at radio frequencies. AGN with powerful relativistic jets only makes up 10-20% of the entire AGN population (Kellermann et al. 1989) , the majority of which is instead quiet in the radio, although not silent (Ho & Ulvestad 2001) . Radio cores are almost ubiquitously observed depending on the survey flux limit and frequency. The 89% detection rate of radio sources found within the INTEGRAL AGN survey is in agreement with these previous statements.
The existence of a relation between the X-ray and the radio emission in both stellar and super-massive black holes has opened new scenarios on the comprehension of the accretion-ejection mechanisms (Corbel et al. 2003 , Gallo et al. 2003 , Merloni et al. 2003 , Falcke et al. 2004 ). Stellar-mass black holes follow a standard relation LR ∝ L 0.5−0.7 X when they are found in their soft state (Corbel et al. 2003 , Gallo et al. 2003 . Interestingly, the fundamental plane, which unifies XRBs and AGN by scaling the radio and X-ray luminosity with the black hole mass, displays the same slope (Merloni et al. 2003) . For these classes of sources it has been proposed that an inefficient accretion flow model coupled with a (scale invariant) jet can reproduce the observed slope. Indeed, when the disk accretes at radiatively inefficient regime, the advected flow plus jet can explain both the X-ray and radio emission (e.g., Narayan & Yi 1994) .
Since the discovery of the original correlation, more and more outliers to the standard correlation are found, i.e., for a given X-ray luminosity the radio emission is fainter resulting in steeper slopes (e.g., Soleri et al. 2010) . Coriat et al. (2011) propose that, assuming a standard emission model of compact jets, the steeper relation (∼ 1.4) implies that the accretion flow is radiatively efficient, where the limit for the transition between radiatively inefficient to radiatively efficient is set to an X-ray luminosity higher than 5 × 10 −3 L Edd . Dong et al. (2014) have confirmed this hypoth- Figure 2 . Left: X-ray Radio loudness given by the ratio of the 1.4 GHz peak luminosity over the 2-10 keV luminosity. The blue line is the radio-loud versus radio-quiet limit set by Terashima & Wilson (2003) . Right: Hard X-ray Radio loudness given by the ratio of the 1.4 GHz peak luminosity over the 20-100 keV luminosity. Notes: Col. (2-3-4): Number of variables, Spearman's rho correlation coefficient and probability for rejecting the null hypothesis that there is no correlation; Col. (5-6) Generalized Kendall's τ z-score and probability for the null hypothesis; Col. (7-8-9) : partial Kendall's τ correlation coefficient, the square root of the variance, σ, and the associated probability P for the null hypothesis; Col. (10-11): Correlation coefficient of the best fit linear regression line calculated using Backley-James linear regression method, Y= a × X + b.
esis for a sample of high Eddington ratio AGN, by assuming LR ∝ Q 1.4 jet ∝Ṁ 1.4 . The significant correlation found for the INTEGRAL AGN sample confirms these previous works. The 1.4 GHz versus 20-100 keV emission correlates with a slope of 1.2±0.15, steeper than the classical 0.5-0.7, and consistent within errors with the expected 1.4. Indeed, the Eddington ratios (L bol /L Edd 10 −3 , where the bolometric luminosity is derived by applying a correction factor of 20 to the 2-10 keV luminosity, see Vasudevan & Fabian (2007) ) of the INTEGRAL sample (see figure 4) , strongly suggest that these sources are efficient accreting systems. as expected from their hard X-ray selection and behave like the outliers XRB systems discussed by Coriat et al. (2011) . All the above theoretical considerations assume a standard behavior for the jet and ascribe the observed correlation slope to a particular accretion regime, however the jet emission depends on several parameters, a change in one of those (e.g., the magnetic field) could modify the radio output with strong influence in the correlation slope (see discussion in Coriat et al. 2011) .
We note that the radio data here presented comprise the emission over kpc scales extension. At intermediate radio resolutions (such as those of the VLA-A observation, i.e. arcsec), the emission comes from pc scales and the Xray emission still correlates with the radio emission at 1.4, 5 and 15 GHz (Panessa et al. 2007) , with a similar level of significance. However, at VLBI scales (milli arcsec), no correlation is found for a sample of Seyfert galaxies, suggesting that the very inner radio core emission at sub-pc scales is not related to the X-rays (Panessa & Giroletti 2013) . All these evidences support the idea that the disk-corona emission correlates with the total radio emission, rather than with the inner jet emission.
However, all the above mentioned works cannot rely on the simultaneity of the radio versus X-ray data. When simultaneous data are taken, only very weak correlations are found (King et al. 2011 , Jones et al. 2011 . For both nearby AGN NGC 4051 and NGC 4395, the intrinsic X-ray variability is observed to be stronger than the radio variability. Assuming that the corona is at the base of a jet, the X-ray variations may be filtered by the corona and only partially transferred to the jet. However in these works, radio data are at arcsec scales, implying that the radio emission is averaged on a few hundreds pc, the different X-ray ver- sus radio spatial scales sampled could explain the different variability. Interestingly the simultaneous LR ∝ LX slopes are steeper (around unity) than the standard 0.6, suggesting that these sources are X-ray bright and that their emission is accretion-dominated.
In interpreting the X-rays and hard X-rays versus 1.4 GHz correlations with our data sets we should consider two more important aspects. One is that the lower the radio frequency is, the more the emission is contaminated by diffuse components, such as lobes on a few kpc to hundreds of kpc spatial scales. This implies that the time scales sampled by the NVSS and SUMSS surveys varies over thousands of years, i.e. the time needed by electrons to propagate into the medium. On the other hand, the X-ray flux is averaged over tens of ksec observations (few days), while the INTEGRAL hard X-ray emission is averaged over months to several years of sky surveying. Both the X-ray and hard X-ray emission are produced within the inner region of the accretion flow (inner disk -corona), therefore the X-ray spatial scale sampled is of a few gravitational radii. Summarizing, the radio emission is averaged on much larger spatial and time scales with respect to the X-ray and hard X-ray emission. As a consequence, the present correlations suggest that the accretion related X-ray emission is related to the diffuse/total radio emission emitted over larger scales. Within our group we are developing a model which correlates the hard X-ray emission with the total radio emission assuming a more or less spherical bubble on scales of several arc minutes, fed by jets issuing from the core (see Wagner et al. 2012 , Wagner & Bicknell 2011). Details on this theoretical treatment and interpretation of the X-ray/radio correlations examined here and its implications will be presented and discussed in a future work (Bicknell et al. in preparation).
CONCLUSION
We have selected a complete sample of hard X-ray AGN from the INTEGRAL survey in order to study the relation between the X-ray and hard X-ray emission with the radio emission in a sample of bright sources. First we have analyzed the radio images from the NVSS and SUMSS surveys detecting a large fraction of sources (89%), with different morphologies, from unresolved/slightly resolved to extended sources over hundreds of kpc scales. We find the existence of a significant correlation between the X-ray and hard X-ray luminosities and the peak and integrated 1.4 GHz radio luminosities. Correlation slopes are around 1-1.2, clearly steeper than the classical 0.6 value found in the fundamental plane for BH activity and consistent with the 1.4 expected for sources belonging to the efficient accretion branch (Coriat et al. 2011 . This suggests that the INTEGRAL AGN are X-ray dominated (accretion dominated) sources accreting at high Eddington ratios and the high energy emission from the central engine is related to the radio emission averaged over kpc scales (i.e., thousands of years).
